Atty. Docket No. 03AB140 

SYSTEM AND METHOD FOR 
ENERGY MONITORING AND MANAGEMENT 
USING A BACKPLANE 

by 

Kevin P. Wright and Steven A. Lombardi 

M ATT. CERTIFICATION 

.rferred to as tetag attached o, "f^^^l^^l^^tope as "Express Mail Post 
Postal Semce on this SSES^SSvMmSSuS addressed to the Mail 

22313-1450. 




GregofyOimJcy 



Express Mail No. EV330022949US 

03AB140 

TOe: SYSTEM AND METHOD FOR ENERGY MONITORING AND 

MANAGEMENT USING A BACKPLANE 



The present invention relates generdly to electrical systems and machines, and more 
particularly toward a system artd method of monitoring and managing energy utihzauon. 

TtArK AROUND 

Deregnlationhaspre^tedbusinesseswithne* and complex issues withrcspectto 
purchasing and managing energy Utility companies provide a b»,d,e of services includmg 
generation, distribution, and transmission. Deregulation has unbundled these servrces a^^d 
allowed consumers to chose among a multitude of competing electrical generatron supphers 
while are local company continues to handle the distribution and transmission of power 

airectlytotheconsumer.Compeationisadvan.ageousforcons„mersinthattheyareableto 

purchase cheaper energy, however competition among generation suppliers produces 
differingandoften.comp.expncingschemes.Mthoughtimevaryingbi.mgra.ese^^^^ 
industrial consumerspriortodere^lation, the biUing was quite strai^tforward h, 

parUcular, industrial consumers would simply pay a single bill per penod, normally ^ 
mlth, a^-rdingtotheir total energy usage(.W-^).Today.h„wever,b.„mg,s,u.,ea^b^^ 

l^mpUcatedforindustrialaswellasresidential consumers, hraddittontoha^n^^ 

separately pay a generation supplier and a .«al distributor, energy prrces vary w«h the t,me 
X r/weeLy, weekend, day,night,hot..f-the^y). Stateddifferently™^^ 

e rclumptionatpea^tim^^ 

rLurs , e lower demand). On-peak versus off-peak biUing enables energy suppi ers to 
peakhours(..<!.,io „ower that they will make available at certain times 

contract vrith consumers concemmg the power mat meyw 

II price Charged. This allows consumers to make cost effective decisrons relatmg the 
l^oZrllowstheutilitycompaniestopreventbrownoutsorblackoutsduetoover 

'"■^""S::„mpe.itiveg.obaleconomyaswellasvariot.energyc„ns^^^^^^^ 

have forced companies to operate and conduct business in an ever increasmgly emc.en. 
:i"AccoI.y, — mus.de.erminewhenandhow«>operatemamorecost 



efficiently withrespectt-euseof ^.rgy. U—ely>=srow,h and ub, uUyof 

el^aU;en,sand«aoWncs.a.«en«gyn,ana^».a.arSeand— ^ 

.ask For ins«nce, many industtia. p«ce.es and maetanes a. contto.led 
irilly electric systems. Suchprocessesa^n,achin.inc,udep^^^ 

r:l.«— aiandot^rpr....^^^^^^^^^^^^ 

machines dnven by moiors.. ou ^„^„rp«nrs gearboxes, 

amount ot energy usaB«^ ♦ ^^rt^^in times to try and take 

„r.,con.aniesoa„se.— J- ^ 

advantageofcontractedpriceschedules. ■n.ns.th^e. an 

loads based on tnetered demand to ensure that energy demand does 

Itoits in an operation. , ,oad momtoring arKi managem«.. system 

Referring iratially to F.g.l a conveni •, ,,A.„daotealityof self 

■ . ThesvstemlOOincludes,amastercontrollernnitllOandapteal.ty 

100.sdep.cted. Tl.e system 10 ^^^^^ toonghPOWER 

^ainedlocaUzedpowermomtorsl20(POWbK .,,.^a,,„„Wtode of loads 

MONITOR.,«hereKisa„integer^ea.erthar,one,ass— »^ 

1- u T n AD., where N is an integer greater than one), cdi. y 
, 30 (LOAD, through LOAD^, »here „^,«aa„ns 
,20, as depicted, containsaprocesscapo^er supply 

eo^ponent. Conven.iona„y,.oadsareme.ere^ormon^r^ 

.sociatedwitheaehloadl30.Theco,le.edda.acanth.be«^^^^^^^^^^^ 



data for each load. 

. .i^rfified somnary of the invention in order to provide a 
ThetoUowingprese„.sas..p f.e^ — 

::rr!:^=::i.o.de„t.f.e.^^^^^^^^^ 

invention in a sunpunea loim « f 

later. . J method for centrally 

1, accordance with.h=pre«ntinven«on.asysten.andm2 

• 1 ^cUrlUclosed The system and method centralize iod 

monitoring and mana^ng .oadsra ''^'^ J VoiU, 

metering by utilizing at least one sensor for observing 

„,Wa..s,activeenerg..Oco— -n^-2^^ 

„oeu.e,Thec„n.ro.n.odnlecancop„.»^^^^^^^^^^^^ 

eanproducemet^energydatavaluesC.^,. SV^^^^^ , 

captures input data from sensors (..g., Vo.t^ Ampe , ^ ^ 

.»,.hedataasirisreceived.ands».»^-e^^-^^^^^^ 

waveform analyzer can subse^uenUyu^e the 0E»^^^ ^^^^^^^^ 

» aesiM .he waveform analyzer component, .n w 
.stributedtoatleastone^oadb^ -^^^^^^^^ 

that such input, output, and processmg eommunication among 

commumcated to other components or subcomponents. 
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Th. subiec. — as « h«em enjoys many advantage, and benef,. ov« 
„„ven.ionaUy..en..c.„d...u.no.«mi.ed.inc^.eedandp— 
„dncedcos,. The present invention is much 6s« tt«n convenuona. systems. Byhmmng 
:n!eddatatoo:,yafew.asicparametets(e....Vo,ts,A.p«es.Wat.s,»^^^^^^^^ 
.enseddataditec..ytoabacMa„e,.hespeedatwHcHdatac3neproc«sM^^^^^^^^^ 

e„„,ponent is drastically inc«ased. One rea^n for the increa^l speed .s the pr^cessmg 
^:vaiUh.et„ahacManedevioeismuchhi^erthanforaremote,y,ooatedpow^^ 

rltor unit Furthcnnore. the subject invention reduces cost by elimmating a mnltitirde of 

a PLC (Programmable Logic Controller) or SLCibmaiiujg 
aI!lbellyaccessed»demp.o,«lasadecisio„param.teri„a„.omatedsyse^^ 

pj^pt^-^rBlPTinN OF T HF AWINO S 
The foregoing and other aspects of the invention will become apparent ftom «.e 

''^Ta — aloadcontroisystemhtaccordancewithanaspectoftitepresen. 

"^^isabioCdia^depictingacontioicomponentinaccordancewitiranaspec. 



invention 
Fi 
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Fig.4i,ablockdiagramofawav.fon„ analyzer component in accordance with a. 

aspect ofthe present invention. 

Fig. 5 illustrates an exemplary system operating environment m accordance w„h an 

3 "^•r;:;r:;:e..oc.d.asramo.asy.emin — 

"""''^:::;:Iematicdia.amofas,stem.accordancewit.anaspect 

'"'"'mg-Sisaschematicbloclcdiagramof system inaccordance with anaspeotof^ 

" "^'rg^ts^esaninteUigentasent-l^sed^Unaccordan^^ 

the subject invention. ^*„ftv,^ 

ic^rhelief network in accordance with an aspect ofthe 
Fig. 10 illustrates an exemplary behet networK m ox. 

, ''^^^ttlaMocMia^ofadistri.-tedsysteminaccordancewi.l.anaspect^^ 

^'^^■n'raHoc.diasramofapl^alityotcon.ro.modulesemplo^ 
'""'Hgnisaflowchartdiagramdepicdnsaloadmeteringmethodologyinaccord.^^ 

-n:ra:r.:cr:::— gyassocia..^ 

a load according to an aspect ofthe present invention. 

ppTAnKDDESCRPIIQN 
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«^r>t" and "svstem" are intended to refer 
As used in this application, the terms "component and system 

^^^^ 

^i„g.aprocc.ru„nmg ap^^^P ^^^^^^^^^^^^^^ 

and/or distributed between two or more computers 

P„rthe.m„re,.heprese„.i»venti„,. maybe-mp^mentedas n^^^^^^ 

.,e,eofman„^eus.ssta«dardpro^«.ja-;;--^^^^^ 

.oranyeom.^—^^^^^^^^ 
(oralton.atively,"compu.erprogramproduot)asu3^h 

Lmp„terpro^aocess.b..omanycomputer.r^^a^^^^^^ 

.„„rse.moses.inedintheartwmr.o^.emauym^.fi-^^^^^ 

,„„fi^tio«wi,bou.depar.i,,.ftomtbesoope<.^-^*-3^ 

Turuiug.oHg.2.aWmomton„sa„ on»^^^-^^^^^^^^ 
„oordaneewi.ha„aspec.oftheprese„.mve„..on. Sys.m2 " 

component 2.0. power supply 220, load 230, and ^^'^'^^^^^^ „„ad 230. A load 

1 oon and reeulates the rate of energy utiiizeaoyd 
.oup>ed.opowersupp.y22«. ^^^^^^^^^^^^^ 

230, as used herem, can be defined as any ^^^^^^ 

.er.C..,P^PS,-.a.s— 

sys.ems,condensers...). Tl--'''^'" ^ sensor(s) 240 capt»e a plethora of 

information about an associated load (e.g. ^^^^^.^^^ 
.mmun^catesuebfindlnsstotbeconu.^^^^^^^^^^ 

.,ep„weral.otm«,.foraspecrB^^^23^^ 

load optimization ^S""-*"- ~ 4, sensors utilized for other 

the load 230. Furtherarore, the sensor(s) 240 ean be „f ,he 

„,for,ns»cesensorst..f— ^^^^^ 
adv^rtagesofthepreseminventtonrstoUte^te g 

additional ftmctionality and improved system performance. 



2,0 such « fte component 210 «b„.« power «. U.e load 230. Howeve , , e 

e...ace.v.o.o.e.co.^o.^— 
coupled to a load 230 and the control component 210 outputs a signal m 

an.l.„fpowertohepro.Med.o.„ad230toano.her.oca,con»oU.^n«2o^^ 
associatedwiththeloadwHchthereafterresulatesthepower tstnbute^^t^^ 

Fie 3 is a hi^-level block diagram depicting a control component 210 m a»>rdan 
with an aspect of the subject invention. Control component 210 includes proce^mg 

1 320 input component 330, output component 340, wave form analyzer 
component 320, mput compo .^^^^ 

eompone„t350.andn«wo,kcomponen.360.P™^^ ^^^^^^^^^^^^^ 
morehi^performancecomputerpr^essorsforproc^^^^^^ 

330 and controlling output values via output component 340. Processmg 
330andcont J 3.5M,7.5Mbytes...)forstoringprogramsand 

also contam memory (e.g.,750K,l.Mvi, ^.3 ... ^H»t»^Inout 

variablesnecessary forprogram executioners., determmrngmcteteddatayhtp^^ 

Tmponent 330 receives data i^m a multitude of diffe^nt sources and makes the «>nec.ed 
rrailable.othecon.rolc™nponen.210forprocessing.h.put330can,msome 

,_.conv.input i„.-.— ^ 

::r=irr.:0.ig.2,.Ou.pu.com.nent340dist.butesthe 
:i:theprocessed.nputstova.ouscomponen.conn— .0.^^^^^^ 

outputcompo„ent34„candistnbuteanapprr^— ^-^^^^^^^ 

component indicative me component 340 are shown as 

separate components, they ^^^^^ ^ ^.^ 

Waveform analyzer component 350 reeetves i„,e,changeably) 
component330andca.c„la.espower,energy.orme.e,^^^-^ 

.„oh as but not limited to energy cons^nptton. power factor, ^d ^ 
Computedpowerdatacanthenbeu.^^^^ 

r::::rc:::::; c.:-o.er„^^ 
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. Network co-nmunication according .o an aspect of the invention can 

i„ former detatl^M ""^"^""^^ coaxial cable, optical fiber) or wirelessly 

LtllacManeSlO. BacM»e3.0isapb.ical— — 

:Tr.e::at.^ebana.a.an.beca.e«^^ 
con,po„ent.(U..veryc..et„setberthnali,n.t,nst e — 

.o.Mbenotea...varionao.berco..— 

i^We or outside the con». component 210 — ^ ^^^^ 

„,icroprocessors, embedded web pagea. measurement technology. 

^ni..dep.c.awave.rman..ercompone„t.O— ^^^^ 

:rrrr:..end..eo.— ^ 

.alyzer component 350 comprises a processor 352 ~J ^ 

data. Durmg operation, processor ^^^^ ^^^^ 

^dataisreceived,theprocessorcantimestan^.hed^U.^*o^^^^^^^^^^^^^^ 

Theprocessorcanalsoc„oper.ew..m^r,« 

.ecuU„nbutalao.ocreatease,uenceofeven.(S2-^'^ 
,,,asatable,Us.oro.herdatas— J^^^^^ 

produce power data (also referred to ~ ™ ^^^^^^ factor. Tire 

^Uimitedtothe amountof energy consum^.^^^ ^_^^_^^^^^^ 

,.erdatacansubse,u^,^^^;^^^^^ 
,^„,imiza.ion^^-»^ 

analyzercomponentSSOcanbe ' J ^ ^ ,^,i„g control system by stmply 



-8- 



03AB140 



with or stripped of waveform analyzer functionality with little or no interference with the 
operation or configuration of the existing system. 

Fig. 5 depicts an exemplary operating environment for the presently described 
system. The operating environment consists of a programmable logic controller (PLC) (or 
alternatively SLC (Small Logic Controller)) 500. PLC 500 comprises a power supply 510, a 
backplane chassis 520, a processor component 530, a network component 540, an adapter 
component 550, a waveform analyzer component 560, and a plurality of input/output 
components 570. Power supply 510 provides power to various loads connected to the PLC, 
the quantity and rate of power distribution being controlled by processor component 530. 
Power supply 510 can stand alone or be mounted within the backplane chassis 520. 
Processor component 530 processes input values and controls the output. Processor 
component 530 can also communicate with other components in the chassis across the 
backplane. The backplane chassis 520 houses and facilitates communication between housed 
components or modules. Although processor component 530 can have built in 
communication ports, there is often a network component 540. Network component 540 
facihtates, inter alia, network communication to computers, other PLC processors, and I/O 
components in remote locations (described in further detail infra). PLC 500 can also include 
an adapter component to link the backplane to a processor at another location. Moreover, 
PLC 500 can include a waveform analyzer component 560 to enable monitoring and 
management of electric power. Finally, a plurality of input/output components 570 can be 
employed to convert input signals to backplane signals and backplane signals to output 
circuit signals. In addition, it should be noted that waveform analyzer component 560 does 
not need to be an additional PLC module as illustrated. The waveform analyzer component 
can also be placed into a processor component backplane slot or integrated into the processor 
component or module of a PLC device. Also, it should be appreciated that by providing 
waveform analyzer fimctionality on a PLC based card or in a separate PLC module, the 
ftinctionality can easily be added to an existing PLC system. Thus, the existing base of 
microprocessor based backplane devices can be leveraged to provide power monitoring and 
management. It should also be appreciated that PLC 500 is a general PLC device and the 
subject invention covers implementation of a power management component in PLCs, SLCs, 
and the like of varying size and fimctionality. 
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Turning to Fig. 6, another system 600 is illustrated in accordance with the present 
invention. Up to this point the subject invention has be described primarily with respect to 
controlling a single load, however the scope of the invention is much broader. System 600 
includes a single control component 210 and a multitude of loads 230 (LOADi through 
LOADn, N being an integer greater than one). Accordingly, it should be appreciated that a 
single control component 210 can provide power management and monitoring for a single 
load 230 or altematively for a plurality of loads 230. This is advantageous because 
conventionally self contained power monitors are associated with each and every load. 
Providing central load control and power management reduces cost by eliminating power 
monitors. Additionally, control and power monitoring via the waveform analyzer can be 
applied in a distributed environment. 

Hereinafter, the load management aspect of the subject invention will be described 
with respect to a distributed system of control components 210. It is to be appreciated that 
each control component 210 can employ the same techniques as described with respect to a 
plurality of components, hi particular, control component 210 can employ load optimization 
algorithms that account for business objectives, machine or load health, as well as power data 
as generated in the manner previously discussed utilizing a waveform analyzer component 
350, sensor(s) 240, and a backplane 310. 

Tuming to Fig. 7, a load monitoring and management system 700 is illustrated in 
accordance with an aspect of the present invention. System 700 comprises a plurality of 
control components 210 (CONTROL COMPONENTi through CONTROL COMPONENTn, 
N being an integer greater than one), information input component 720, and network 730. As 
described supra, control components 210 can regulate the rate of energy utilized by a load. 
A load as used herein can be defined as any device or machine that dissipates and/or stores 
energy (e.g., pumps, fiimaces, fans, air conditions, belt motors, condensers. . .). Informational 
input component 720 facilitates distribution of information relating to how loads should be 
managed to control components 210. Such information relating to loads can be generated by 
a computer, input by an operator, or a combination thereof Furthermore, it should be noted 
that informational component 720 can be a host computer for providing services such as 
computation and network control for the control components 210, as described in further 
detail hereinafter. At least a subset of control components 210 are connected to each other 
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as well as other components such as the information input component 720 via network 730. 
Furthermore, since the control components are connected by way of a network the entire 
system of loads and control components is scalable. Scalability is important because it 
ensures that the system is easily adapted to changed circumstances. In a conventional master 

5 slave load control configuration, the breadth of slave devices is needed to be known when the 
master is selected. According to the present invention, any number of peer devices (e.g., load 
controllers, computers. . .) may be easily added to the network at any time. Additionally, it 
should be appreciated that control components. 210 and other components can be connected 
to network 730 either via wire {e.g., twisted pair, coaxial cable, optical fiber) or wirelessly 

1 0 (e.g. , using IEEE 802. 1 1 a and/or IEEE 802. 1 lb standards, Bluetooth technology, satellites). 

Network 730 encompasses communication networks such as local area networks 
(LANs), metropolitan area networks (MANs), or wide area networks (WANs). LANs are 
peer-to-peer networks that are optimized for moderated size geographic area which enable 
communications between networked devices via a single physical medium. LANs are 

1 5 normally owned and used by a single individual or organization. MANs are networks that 
are optimized for geographical areas larger than those covered by a LAN but smaller than 
those covered by a WAN. In particular, a MAN provides a means of communications 
ranging from several blocks {e.g. a university campus) to an entire city. MANs may be 
owned and operated by a single individual or organization, but are generally utilized by many 

20 different individuals and organizations. WANs are communication networks that span a 
large geographic area (e.g., nationwide, worldwide) and generally consist of the several 
interconnected LANs and MANs. The largest known WAN knovm today is the Intemet. 
LAN technologies include Fiber Distributed Data Interface (FDDI), Copper Distributed Data 
Interface (CDDI), Ethemet/IEEE 1102.3, Token Ring/IEEE 1102.5, physical connection 

25 topologies such as bus, tree, ring, and star, and the like. WAN technologies include, but are 
not limited to, point-to-point links, circuit switching networks like Integrated Services Digital 
Networks (ISDN) and variations thereon, packet switching networks, Tl networks, and 
Digital Subscriber Lines (DSL). 

Organizing a load management system in the manner illustrated by system 700 has 

30 many beneficial aspects. Most importantly, none of the control components 210 are clearly 
the master controller. Rather, a plurality of control components 210 collaborate to provide 
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master control fimctionality at a finer granularity. Additionally, the present invention further 
reduces costs because there is no need for a physical master controller. Furthermore, the 
subject invention is easier to use because it is highly scalable-any number of devices or 
components can be added to the network at any time without difficultly. Accordingly to one 
aspect of the subject invention, control components 210 and other components are designed 
to take advantage of plug-and-play (PnP) technology or universal plug-and-play (UPnP) 
technology, where newly added components are immediately recognized by other members 
of the network and configure themselves to operate with other networked components. 

Fig. 8 is a schematic block diagram of a one particular system 800 in connection with 
the subject invention. System 800 comprises machines 830 (MACHINEi through 
MACHINEx, X beginning an integer greater than one), and control components 210 
(CONTROL COMPONENTi through CONTROL COMPONENTn, N being an integer 
greater than one). Machines 830 encompass any device that dissipates and/or stores 
electrical energy {e.g., pumps, furnaces, fans, air conditions, belt motors, condensers...). 
Machines 830 are associated with control components 210 (CONTROL COMPONENTi 
through CONTROL COMPONENTn, N being an integer greater than one), which regulate 
energy to each associated machine based on collected or generated data relating to the current 
and/or predicted operating state of a system. It is to be appreciated that the plurality of 
machines 830 can share and cooperative via control components 210; and it is to be 
appreciated that the machines 830 do not have to be the same make, model, or type of 
machine. Each machine 830 can have its own associated control component 210, as shown. 
Alternatively, it should be noted that a single control component 210 can be employed to 
operate more than one machine 830 (as previously described). Various other configurations 
may be possible and may become apparent to those of skill in the art upon reading this 
specification. Such varying configurations are intended to be covered by the present 
invention. Each control component 210 is aware of amount of power dissipated and/or 
stored (i.e.. Watts, vars) by an associated machine during operation and regulates the amount 
of power provided to the device(s). Thus, a control component associated with a particular 
machine determines whether such machine will be "on" (e.g., provided required power) or 
"off (e.g., no power provided, threshold operating voltage not provided) and/or in a reduced 
power mode (e.g., hibernate, slower motor speed). The host computer 720 includes an 
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enterprise resource planning (ERP) component 810 that facilitates analyzing the load data 
associated with a machine and/or a set of machines, as well as data relating to the business 
concern components 820 (utilities component 821, inventory component 822, processes 
component 823, accounting component 824 manufacturing component 825. . .)• The data is 
analyzed and the host computer 720 executes various optimization programs to identify 
configurations of the various components so as to converge more closely to a desired 
business objective. For example, assume a current business objective is to operate in a just in 
time (JIT) manner and reduce costs as well as satisfy customer demand. If the inventory 
component 822 indicates that finished goods inventory levels are above a desired level, the 
ERP component 810 might determine based on the data firom the utility component 821 that 
it is more optimal given the current business objective to run machines at 60% rather than 
90% which could further extend the life of some machine components and reduce power 
consumption. Furthermore, the ERP component 810 might determine based on additional 
data fi-om the utility component 821 that the machines could be run during off-peak hours at 
75% rather than 60% during peak hours thereby reducing the power consumption expense 
and completing the job faster. In another exemplary situation, assume to secure a sale a 
marketing department promised deliver goods to a purchaser by a certain date. Further 
assume that the control components 210, without any other data with respect to this promise, 
would reduce or perhaps completely shut down certain processes. The marketing department 
realizing or recognizing such a scenario could input data into a business concern component 
826 corresponding to the promise to produce goods by a certain date to ensure that such 
promise is honored regardless of the additional power consumption costs associated with the 
production. Load control components 210 could subsequently retrieve or receive said data 
and implement a control scheme that would complete the goods on time. 

Load control components 210 can also cooperate with each other to ensure that total 
plant energy consumptions stays below maximum levels contracted for with the utility 
company. According to one aspect of the invention, each load control component can 
continuously transmit its power consumption in real-time or at periodic intervals to the host 
computer. The host computer 720 can then calculate the total energy consumption being 
used by all the machines in the plant and notify the controllers when the total energy reaches 
a threshold value so that they can determine amongst themselves how to reduce the total 



-13- 



03AB140 



power level. Additionally, control components 210 which desire to increase their power 
consumption can retrieve the total plant energy consumption value calculated and stored by 
host computer 720 to determine extent to which they can increase their power consumptions. 
According to another aspect of the present invention, each load control component 210 itself 
can be held responsible for communicating with all other load controllers to determine and 
thereafter store in local memory, for example, the total energy consumption of the plant. 
Load control components 210 can thereafter regulate load levels for a plurality of loads based 
on the derived total energy consumption of the facility or plant. 

Control components 210 can also be employed to optimize power consumption in 
accordance with a biUing schedule. A billing schedule corresponds to a rate structure for 
energy consumption based on time-of-use. Different rates can be charged according to, inter 
alia, the day of the week, whether it is a weekday or a weekend, time of the day, hour of the 
day, and even down to minutes and seconds of particular days. Load controllers 210 can be 
made aware of these schedules by retrieving them from a remote location {e.g., a power 
company web page, company database) or receiving them from the host computCT 340 or an 
agent thereof Load control components 210 can then communicate with other control 
components in a process, for example, to determine the optimum manner to complete a goal 
or task. For instance, assume 500 widgets need to be processed in the next 3 hours. Further 
assume that according to the billing schedule the first hour is during peak demand and the 
last two hours of the three hour period is off peak. Accordingly the control components 
associated with the processing of widgets could together determine an optimum production 
schedule or strategy by employing an optimization algorithm such that, for example, they 
operate at 60% power during the first peak demand hour and then increases the power to 85% 
during the off peak time to complete the 500 widgets within the allotted three hour time 
period. Furthermore, since communication can be in real-time, if after initiating the above 
described production schedule the control components 210 are notified or they determine that 
the total energy usage in a facility is approaching a threshold level (e.g., 95% of the 
maximum energy contracted for during the time period) the control component could reduce 
the widget processing power to 90% during that time and increase the power later, perhaps 
during the off-peak time, to make up the 5% decrease in power used to process the widgets. 
In another situation, the control components 210 may have to shut down lower priority 
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machines and processes (described infra) in a facility for a period of time to ensure the 
widgets are processed on time. 

It is to be appreciated that although load control components 210 can send, receive, 
and process information utilizing the central host computer 720, the ultimate decision of 
whether to reduce, cut off, or increase a load resides with individual load control component 
210. The load control components 210 communicate and cooperate with each other to 
optimize energy consumption among those control components in a network. To facilitate 
said functionality, according to one aspect of the subject invention, control components 210 
can be associated with a variable priority level {e.g., 1-10) according to their importance. 
Thus, a control component 210 associated with a high priority (eg., 1) would be less likely to 
take energy conservation actions, such as reducing or cutting off power, than a load control 
component associated with a low priority (e.g., 10). In addition to each load control 
component being aware of the function of the machine it is associated with, load controllers 
210 can be also be context aware. Control component priority levels can then be set 
according to the function of the machine associated with the each respective load control 
component and the current context of the machine. For instance, a load control component 
210 associated with an air condition module in the plant at 3 a.m. would have a low priority 
{e.g., 10, whereas a belt drive motor in a currently running process would have a high priority 
(e.g., 1). Moreover, it should be appreciated that control component to control component 
communication as well as priority determinations occur in real-time. Thus, if an assembly 
Une belt motor is shut down as an employee checks out a problem with a product on the line, 
this control component status can be cascaded down the assembly line such that the load 
control components can place their associated machines in a lower energy state to conserve 
power. Subsequently, when the belt motor is turned back on such information can be passed 
to control components down the line such that they can bring the power level of their 
machines up to an appropriate level. Allowing load control decisions to reside with the 
individual control components enables decisions to be made at a much finer level of 
granularity than is possible with a central master controller. 

Furthermore, it should be appreciated that loads can be grouped into classes for 
purposes of control and assignment of priorities. It is often the case that machines 310 
comprise several subcomponents or machines that are important to the successful operation 
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of the larger machine. Furthermore, several machines 310 often cooperate with each other to 
achieve a common goal, such that shutting down a single machine or reducing power to a 
single machine would be impractical and even dangerous in some instances. For example, it 
would not be appropriate to shut down an electronic device's cooling fan while that device is 

5 currently operating. It would be equally inappropriate to reduce power and thus speed to a 
single belt drive motor while leaving contiguous belt drive motors at fiiU power. To ensure 
that such problematic situations do not occur, loads can be organized into classes, such that 
reduction or termination of power to one load in a class will result in the same action being 
taken with respect to the remaining members of the class. Such classification can be done 

10 programmatically by an operator or altematively load control component 210 can classify 
loads themselves by communicating information to each other regarding their fimction and 
context. 

Altering or reducing a load associated with a variable speed machine has additional 
benefits beyond energy cost reduction. For example, review Table I below: 

15 



Power Source/Control 
Technique 


Direct Line Power - Flow 
Control with Throttle Valve 


Drive Power - Flow 
Control via Motor Speed 


Full Flow - Power 

Flow: 75 gpm (flow not 
restricted) 


1.07 kW 


1.13 kW 


Reduced Flow - Power 

Flow: 45 gpm (restricted flow) 


.881 kW 


.413 kW 



TABLE I 



The above data exhibits energy utilization from a motor pump system under conditions of 
full flow £uid reduce flow. The flow rates shown are achieved using a variable speed drive 

20 responsive to a load controller to control motor speed and therefore flow rate (Column 1) 

with a motor running directly from the power line with a throttling valve used to control flow 
rate (Column 2). The estimated energy savings with Drive Power at a reduce flow is .468 

— a 53% energy savings in connection with Drive Power. Pumping applications which 
require operation at various prescribed head pressures, liquid levels, flow rates, or 

25 torque/speed values may be effectively controlled by varying the motor speed via controlling 
the energy distributed thereto. The benefits of varying the motor speed for pump 
applications, in particular, are well established, specifically with respect to pumps that do not 
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operate at fiill rated flow all the time. Furthermore, the scope of benefits of reducing motor 
speed by way of reducing power is broad. Such benefits include improved machinery 
reUability, reduced component wear, and the potential elimination of various pipe-mounted 
components such as diverters and valves and inherent machinery protection such as from 
over-current or under-current. 

It is also to be appreciated that the various machines 830 or business components 820 
or a subset thereof can be located remotely from one another. The various machines 830 and 
or components 820 can communicate via wireless or wired networks (e.g., Internet). 
Moreover, the subject invention can be abstracted to include a plant or series of plants with 
wireless or wired networked equipment whose centers are linked via long distance 
communications lines or satellites to remote e-commerce, distribution, and shipping locations 
for dynamic logistics integrated with plant floor control and energy optimization. Thus, 
energy optimization and/or asset management in coimection with the subject invention can be 
conducted at an enterprise level wherein various business entities as a whole can be sub- 
components of a larger entity. The subject invention affords for implementation across 
numerous levels of hierarchies (e.g., individual machines, cluster of machines, process, 
overall business unit, overall division, parent company, consortiums. . .). 

Fig. 9 illustrates an aspect of the subject invention wherein at least a subset of the 
machines 830 are represented via inteUigent software agents. For example, each of the 
respective machines 310 can be represented by respective inteUigent agents (MACHINE 
AGENTi through MACHINE AGENTn, N being an integer greater than one), and various 
business concems represented by respective agents (e.g. BUSINESS AGENT] through 
BUSINESS AGENTm, M being an integer greater than one). The intelligent agents can be 
software models representative of their various physical or software counterparts, and these 
agents can serve as proxies for their various counterparts and facilitate execution of various 
aspects (e.g., machine or load controller interaction, modification, and optimization) of the 
subject invention. The agents can be designed (e.g., appropriate hooks, common platform, 
schema, translators, converters. . .) so as to facilitate easy interaction with other agents. 
Accordingly, rather than executing an optimization algorithm, for example, on a respective 
device directly, such algorithms can be first executed on the respective agents and then once 



-17- 



03AB140 



the load controllers decide on an appropriate optimization algorithm it can be implemented 
on the actual devices. 

Fig. 10 depicts a belief network 1000 that can be used to model uncertainty in a 
domain in connection with the subject invention. The term "belief networks" as employed 
herein is intended to encompass a whole range of different but related techniques which deal 
with reasoning under uncertainty. Both quantitative and qualitative techniques are used (eg., 
Bayesian learning methods that perform search over altemative dependency structures and 
apply a score (such as the Bayesian hiformation Criteria, etc.) methods, Bayesian classifiers 
and other statistical classifiers, including decision tree learning methods, support vector 
machines, linear and non-linear regression, neural network representations. . .). Influence 
diagrams are an extension to belief networks; they are used when working with decision 
making. Belief networks are employed to develop knowledge-based appUcations in domains 
characterized by uncertainty (e.g., machine health). A problem domain is modeled as a set of 
nodes 1010 interconnected with arcs 1020 to form a directed acyclic graph as shown in Fig. 
10. Each node represents a random variable or uncertain quantity, which can take two or 
more possible values. The arcs 1020 signify the existence of direct influences between the 
Unked variables, and the strength of each influence is quantified by a forward conditional 
probability. 

Within the belief network the beUef of each node (the node's conditional probability) 
is calculated based on observable evidence. Various methods have been developed for 
evaluating node beliefs and for performing probabilistic inference. The various schemes are 
essentially the same — ^they provide a mechanisni to propagate uncertainty in a belief 
network, and a formalism to combine evidence to determine the belief in a node. Influence 
diagrams, which are an extension of beUef networks, provide facilities for structuring the 
goals of load optimization and for ascertaining the value (the influence) given information 
will have on optimizing system performance, hi influence diagrams, there are three types of 
nodes: chance nodes, which correspond to the nodes in Bayesian belief networks; utility 
nodes, which represent the utilities of decisions; and decision nodes, which represent 
decisions which can be taken to influence the state of the world. Influence diagrams are 
useful in real world applications where there is often a cost, both in terms of time and money, 
in obtaining information. 
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An expectation maximization (EM) algorithm is a common approach for learning in 
beUef networks. In its standard form it does not calculate the full posterior probability 
distribution of the parameters, but rather focuses in on maximum a posteriori parameter 
values. The EM algorithm works by taking an iterative approach to inference leaming. In 
the first step, called the E step, the EM algorithm performs inference in the belief network for 
each of the datum in the dataset. This allows the information from the data to be used, and 
various necessary statistics S to be calculated fi-om the resulting posterior probabilities. Then 
in the M step, parameters are chosen to maximize the log posterior \ogP(T\D,S) given these 
statistics are fixed. The result is a new set of parameters, with the statistics S which we 
collected are no longer accurate. Hence the E step must be repeated, then the M step and so 
on. At each stage the EM algorithm guarantees that the posterior probabiUty must increase. 
Hence it eventually converges to a local maxima of the log posterior. 

Fig. 1 1 illustrates an aspect of the invention in which the invention is employed as 
part of a distributed system 11 00 rather than via a host computer. Thus, the various 
components in the system 1 100 share processing resources and work in unison and/or in 
subsets to optimize the overall system 1 100 in accordance with various business objectives. 
It is to be appreciated that such distributed system can employ intelligent agents (Fig. 9) as 
described supra as well as beUef networks (Fig. 10) and the ERP component 810 (Fig. 8). 
Rather than some of these components (eg., ERP) being resident on a single dedicated 
machine or group of machines, they can be distributed among any suitable components 
within the system 1 100. Moreover, depending on which threads on being executed by 
particular processors and the priority thereof, the components may be executed by a most 
appropriate processor or set of processors given the state of all respective processors within 
the system 1100. 

Fig. 12 illustrates another aspect of the subject invention wherein the invention is 
implemented among the respective machines 830 in connection with optimizing use thereof 
For example, the load control components 210 can exchange and share data so as to, inter 
alia, load balance and optimize the use of energy. 

Retuming back to Fig. 8, the present invention can also be employed together with 
diagnostic and prognostic information to prescribe an optimal control action dynamically. 
The benefits of integrated diagnostics and control may be significantly expanded by utilizing 
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information describing the rate of degradation and remaining useful life of machinery under 
various possible operating conditions. This permits changing the operating mode to achieve 
a designated operating Ufetime. Alternatively, the control can be specified to minimize 
energy consumption and/or maintenance costs or to maximize revenue generation. In 
extreme conditions the control can be specified to achieve performance beyond the normal 
operating envelope to protect the environment, avoid costly loses, or protect worker safety 
while insuring failure will not occur during these extreme operating conditions. Prognosis 
with control provides the foundation for overall process optimization with regard to 
objectives such as efficiency, business strategies, maintenance costs, or financial 
performance. 

For example, if a business objective is to minimize the energy cost associated with 
the cost per gallon of a liquid pumped then changes can be made to the speed of the motor 
and possibly other drive internal parameters. However, it is significant to note that although 
this would result in the least energy cost per gallon pumped it may also result in accelerated 
wear or thermal degradation of critical machinery components. A more comprehensive 
optimization approach according to the subject invention would be to include diagnostic and 
prognostic information in optimization algorithms such as expected failure rate and failure 
cost for different operating modes, machinery lifetime and capital replacement costs, and the 
impact on other connected machines and processes such as valves, piping, and other process 
machines. 

In view of the exemplary systems described supra, a methodology that may be 
implemented in accordance with the present invention will be better appreciated with 
reference to the flow charts of Figs. 13 through 15. While for purposes of simplicity of 
explanation, the methodology is shown and described as a series of blocks, it is to be 
understood and appreciated that the present invention is not limited by the order of the 
blocks, as some blocks may, in accordance with the present invention, occur in different 
orders and/or concurrently with other blocks fi-om what is depicted and described herein. 
Moreover, not all illusti-ated blocks may be required to implement the methodology in 
accordance with the present invention. 

Additionally, it should be fiirther appreciated that the methodologies disclosed 
hereinafter and throughout this specification are capable of being stored on an article of 
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manufacture to facilitate transporting and transferring such methodologies to computers. The 
term article of manufacture, as used, is intended to encompass a computer program 
accessible from any computer-readable device, carrier, or media. 

Fig. 13 is a flow chart diagram depicting a methodology 1300 for metering data in 
accordance with an aspect of the subject invention. At 1310 load data is captured from 
sensors associated with a machine in real-time. The data can then be transferred via a 
backplane to a processor on a removable circuit board connected with the backplane, at 1320. 
Subsequently, at 1330, the load data is time stamped by the processor and stored in memory 
in a sequence of events table. At 1340, the load data is employed in conjunction with 
algorithms that produce energy data including but not limited to total energy consumed, 
harmonic distortion, and power factor associated with the load(s). For example, by utilizing 
data regarding the sensed voltage and current of the system, the power dissipated by a 
machine or load can be calculated (P = VI). Thereafter, the processor can utilize the power 
data and time stamps to determine consimied power (Watts/hr). 

Tuming to Fig. 14, a methodology 1400 for load control in accordance with an aspect 
of the present invention is illustrated. At 1410, load data is received from one or more 
sensors associated with a load. Subsequently, at 1420, energy data (e.g., energy 
consumption, harmonic distortion, power factor) is determined using a microprocessor on a 
printed circuit board inserted into a backplane slot and the load data received from one or 
more sensing devices. At 1430 a load control strategy is determined. The strategy can be 
based on a plurality of different considerations such as energy conservation, business 
objectives, and machine health. Next at 1440 the control strategy is implemented by 
controlling the load using an input/output component located on a backplane. 

Fig. 15 is a flow diagram illustrating a methodology 1500 for managing a load in 
accordance with an aspect of the subject invention. At 15 10, load data is received from one 
or more sensing devices. Then energy is metered employing a microprocessor on a printed 
circuit board and the load data captured by the sensing devices, at 1520. Next, at 1530, 
metered data is transferred over a network to facilitate developing distributed control strategy 
amongst a plurality of loads. Finally, the control strategy is executed by controlling at least 
one load using an input/output component connected to a backplane, at 1540. 
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What has been described above includes examples of the present invention. It is, of 
course, not possible to describe every conceivable combination of components or 
methodologies for purposes of describing the present invention, but one of ordinary skill in 
the art may recognize that many further combinations and permutations of the present 
5 invention are possible. Accordingly, the present invention is intended to embrace all such 
alterations, modifications and variations that fall within the spirit and scope of the appended 
claims. Furthermore, to the extent that the term "includes" is used in either the detailed 
description or the claims, such term is intended to be inclusive in a manner similar to the 
term "comprising" as "comprising" is interpreted when employed as a transitional word in a 
10 claim. 
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